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LESIONS IN "YELLOW" MICE FED STOCK, HIGH-FAT,
OR HIGH-CARBOHYDRATE DIETSt
"Yellow" mice such as those of strain YBR/Wi are represented by two
genotypes which differ, as far as is known, in regard to one gene. Individ-
uals possessing the Y' gene are yellow coated and become obese when fed
enriched diets; individuals not possessing the Y' gene are grey coated and
do not become obese when fed such diets.8'8 "' In yellow-coated animals,
food consumption and food utilization were found to be increased,5''
resistance to insulin to be increased,'2 but thyroid function to be unaltered.10
Studies of endocrines failed to disclose differences in the structure of
hypophysis, thyroids, adrenals, and testicles in yellows and non-yellows
respectively," but yellows seemed to show decreased luteinization of the
ovaries.'
In spite of this difference the grey- and yellow-coated animals appeared
to be sufficiently similar from the genetic point of view for a study of the
effects of obesity as such on such processes as skeletal growth and ageing
and tumorigenesis, the nonobese littermates providing uniform control
material for the obese animals. In the course of these investigations kerato-
malacia, panophthalmitis, osteoarthritis, hyperglycemia, and faulty skeletal
development were observed," changes that suggested the presence of
severe metabolic disorders in both grey- and yellow-coated mice of this
strain. Therefore, systematic studies of viscera were undertaken, the results
of which are herewith presented.
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MATERIAL AND METHODS
Ninety-one grey male, 85 grey female, 79 yellow male, and 89 yellow female mice of
strain YBR/Wi raised in our laboratory were from the time of weaning on put on
(a) a stock diet of Purina laboratory chow, (b) a high-fat diet, and (c) a high-
carbohydrate diet. These rations were fed ad libitum with water available at all times,
and were well tolerated by the animals.
The main constituents of the diets, details of which were given previously,'9 were
as follows:
Stock diet:
Protein 26.2 gm
Fat 5.4 gm 3.5 cal/gm
Carbohydrate 48.5 gm
High fat diet:
Base (Stock diet) 75.0 gm
Lard (Swift's) 20.0 gm 4.6 cal/gm
Lactalbumen 5.0 gm
High carbohydrate diet:
Base (Stock diet) 60.0 gm
Cornstarch 36.0 gm 3.7 cal/gm
Lactalbumen 4.0 gm
The mice were weighed once a week and, if among the animals kept within a cage,
individual weights varied more than 4 gm, individual weights were recorded. The
animals were allowed to live to the end of their natural life, unless they had to be
killed because of sickness. At necropsy, diseased tissues were saved for microscopic
examination. In addition, sets of tissues were removed, irrespective of the presence or
absence of gross findings. Details regarding the number of tissues examined are given
in the tables summarizing the microscopic observations. The Chi-square test was
applied to determine the statistical significance of some of the results obtained. The
tissues were fixed in Bouin's solution and embedded in paraffin, sectioned and, as a
rule, stained with hematoxylin and eosin. Methylviolet stains were made for the
demonstration of amyloid; pituitaries were stained with Gomori trichrome, periodic
acid Schiff, or Wolfe-Cleveland stain, and the pancreatic islets with Bensley's anilin
acid fuchsin-methyl green, or Bell's chrome alum hematoxylin phloxine.
MICROSCOPIC FINDINGS
Cardiovascular system. There was aortitis distal to the valves, character-
ized by heavy infiltration with polymorphonuclear and mononuclear leuco-
cytes (Fig. 1). In some instances, the process had spread to the myocardium
(Fig. 2), the valves (Fig. 3), the mural endocardium and the pericardium,
and fresh or organizing thrombi were found adherent to the aortic wall or
the endocardium. Staphylococci and pneumococci were identified in spot
checks of the exudate. Chronicity of the lesions was indicated by the
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presence of fibroblasts and the development of a fibrillar connective tissue.
The severity of the changes increased with advancing age, but the incidence
was apparently not merely related to age. Grey-coated males-as old as
yellow-coated females and older than grey-coated females-showed fewer
lesions than either (Table 1).
Females of either coat color were more susceptible than the corresponding
males. This difference was statistically significant, P being < .02 for the
greys and P being < .001 for the yellows. Grey- and yellow-coated females
were about equally affected.
TABLE 1. INCIDENCE OF AORTITIS AND MYOCARDITIS
Aortitis and
No. of hearts Mean age Myocarditis
Coat color Sex examined months No. %
grey male 16 18.3 3 18.8
grey female 43 17.5 25 58.1
yellow male 37 16.5 5 13.5
yellow female 44 18.3 24 54.5
Significance of sex differences in
grey males: grey females P < .02
yellow males: yellow females P < .001.
In about 25 per cent of aged females and occasionally in an old male, the
aortic wall had undergone calcification and cartilagination. Diet had no
influence on the development or the course of the cardiac lesions. Deposits
of varying amounts of amyloid were found in the hearts of animals of all
groups (Table 7). Amyloidosis was not observed in mice younger than 12
months, and the incidence and severity increased with advancing age.
Respiratory system. Ageing mice showed bronchiectasis (Table 2) with
foci of squamous metaplasia of the respiratory epithelium. Many bronchi
were filled with homogeneous eosinophilic material or were lined by eosino-
philic membranes, and varying amounts of lymphatic tissue were seen in the
peribronchial layers. Bronchiectases were about twice as frequent in ani-
mals fed enriched diets as in stock-fed controls. This difference was,
however, statistically not significant. Sex or coat color had no obvious
influence on the development of these lesions.
Bronchitis and bronchopneumonia were rare in stock-fed mice but not
infrequent in animals fed the enriched rations. In males of either coat color
this difference was not statistically significant, but in females it was; in
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yellow females it was highly significant P being < .001, and in grey females
it was significant, P being < .02.
While in grey-coated mice no lung tumors were seen, adenomas were
noted in 4 yellow-coated males and 4 yellow-coated females, 17 to 22
months of age (Table 8).
Spleen. Amyloidosis was common (Table 7). There was no case of
systemic amyloidosis in which the spleen was not involved. Both nodular
TABLE 2. INCIDENCE OF PULMONARY LESIONS
Pneumonia and
bronchitis
Mean .h . Stock Enriched
No. of lungs age Bronchiectasis diet diets
Coat color Sex examined months No. 0 No. No.
grey male 24 18.2 10 41.7 1 3
grey female 57 19.1 21 36.8 2 9
yellow male 37 18.6 10 27.0 1 3
yellow female 60 17.3 28 46.7 7 19
Significance of dietary effects (stock and enriched diets)
on bronchitis and pneumonia.
Stock: Enriched diet in grey females P < .02
Stock: Enriched diet in yellow females P < .001.
and diffuse amyloid deposits were observed; frequently the infiltration was
so severe as to obliterate completely the usual architecture (Fig. 6).
Liver. Occasionally fat vacuoles were noted in liver cells. In three mice,
fresh infarcts and in two others abscesses were found. There was marked
involvement of the liver in amyloidosis (Table 7; Fig. 8).
Altogether five hemangiomas and seven liver cell adenomas were found
(Table 8). One of the latter was seen in a grey female 22 months old and
kept on the stock diet; the remaining six occurred in yellow females. One
of these 20 months old was fed the high-carbohydrate diet, and five had
been kept on the high-fat ration. These mice were from 16 to 19 months old
with a mean age of 17.2 months. Cirrhosis was not present in any of these
animals.
Pancreas. The acini were unchanged. However, the epithelium lining
small pancreatic ducts was flattened; many ducts were enlarged and filled
with inspissated secretions (Fig. 10). In one grey male, fat necrosis, and
in one grey female, acute pancreatitis were found. The most prominent
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FIG. 1. Aortitis. Diffuse inflammationi of aortic wall and narrowing of lumen. The
dark irregular patch represents an area of cartilaginiation. x45.
FIG. 2. MIyocardial abscess. x25.
FIG. 3. Aortic valve leaflet. Proliferation and leucocytic infiltration of endocardium.
x240.
FIG. 4. Pancreas. Islet of regular size. x80.
FIG. 5. Pancreas. Hypertrophic and hyperplastic islets. x80.
AOPLATF II
FIG. 6. Spleein. Amyloi;Cosis. x80.
Fi(;. 7. Kidney. Amyloidosis of gloimeruli. x100.
FIG. 8. Liver. Amyloidosis. x80.
FIG. 9. Kidney. Papillary niecrosis; calcium deposits in zoine of demarcatioln. x55.
FIG. 10. Cytic enlargeiimenit of pancreatic duct with conicretionis. x33.
FIG. 11. Squamous metaplasia of urethral epitheliumIi. x490.
k
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PLATE III
FIG. 12. Urinary bladder and urethra. The latter is distended by plug of debris. x8.
FIG. 13. Focus of squamous metaplasia in hyperplastic endometrium. This area was
located at a considerable distance from the cervix. x60.
FIG. 14. Uterus of regular size and configuration. x6.
FIG. 15. Uterus showing marked cystic hyperplasia of endometrium. x6.Visceral lesions in "yellow" mice I SILBERBERG, SILBERBERG
findings were hyperplasia and hypertrophy of the islets of Langerhans
(Figs. 4, 5). Differential stains for cytoplasmic granules failed to show
consistent deviations from the usual pattern. Ordinarily the diameter of
the pancreatic islets of mice of various strains is about 75 to 100 jU. Islets
measuring 250 to 300 u were not infrequent, and coalesced islets had an
aggregate diameter of as much as 600,u. Somewhat arbitrarily a diameter of
175 ,u was chosen as indicating conspicuous hypertrophy. Enlarged islets
were seen in animals 9 months of age and older. Irrespective of the diet
consumed yellow-coated males had the highest incidence of enlarged islets
TABLE 3. INCIDENCE OF "GIANT" PANCREATIC ISLETS
Giant pancreatic islets
No. of pancreas % of % in mice on high-
Coat color Sex examined No. total carbohydrate diet
grey male 23 8 34.8 70.0
grey female 52 25 48.1 61.5
yellow male 33 22 66.7 93.8
yellow female 50 24 48.0 56.3
Significance of differences:
Irrespective of diet-Grey males : yellow males P < .05;
High-carbohydrate diet-Yellow males : yellow females P < .05.
(66.7 per cent). The difference between grey-coated and yellow-coated
males was statistically significant, P being < .05. Feeding of the high-
carbohydrate diet increased the incidence of "giant" pancreatic islets in
animals of all groups but particularly in males. This difference in the
response to the high-carbohydrate diet was statistically significant if yellow-
coated males and yellow-coated females were compared, P being < .05.
(Table 3).
Adrenals. Three mice showed cortical hyperplasia. These animals were
scattered over various groups. Amyloid involvement was common and
reached considerable proportions (Table 7).
Kidneys. Pyelonephritis was frequent (Table 4). In acute stages, the
tubules were filled with polymorphonuclear leucocytes, and microabscesses
were found in the cortex and throughout the medulla. In chronic stages,
there was irregular scarring of the surface with partial or complete hyalini-
zation of glomeruli, dilatation of tubules, and fibrosis of the medulla. There
was focal or diffuse infiltration by mononuclear leucocytes. As a rule, the
medullary portion was more severely involved than other segments, and
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hyaline casts in enlarged tubules gave rise to a thyroid-like appearance of
the organ. Papillary necrosis with deposits of calcium in necrotic areas was
not uncommon (Fig. 9) and associated with a more or less advanced degree
of hydronephrosis. Under these conditions the pelvic epithelium was flat-
tened or had undergone squamous metaplasia. The incidence of papillary
necrosis was somewhat higher in grey-coated than in yellow-coated animals
(Table 4). However, these differences were not statistically significant.
Diet did not exert any influence on the development of these lesions. Besides
these inflammatory and regressive changes, there was thickening of the
TABLE 4. INCIDENCE OF KIDNEY LESIONS
Pyelonephritis
associated with
papil- amyloido-
lary amyloid sis
No. of Mean necro- in kid- gene-
kidneys age sis ney ralized
Coat color Sex examined months No. % No. No. No.
grey male 27 18.6 26 96.3 6 10 21
grey female 48 19.6 46 95.9 16 15 36
yellow male 39 16.5 36 92.3 6 12 25
yellow female 63 18.9 59 93.7 7 13 41
basement membranes of the glomerular tufts and deposition of hyaline
material simulating intercapillary glomerulosclerosis. Special stains, how-
ever, disclosed the amyloid nature of these changes. Small amyloid deposits
were also found in the interstitial tissue between the tubules. While all mice
affected with amyloidosis had pyelonephritis, the opposite did not hold
good: many mice showing pyelonephritis failed to show amyloidosis in the
kidney (Table 7). Papillary necrosis on the other hand was in all but one
case associated with renal amyloidosis (Table 4).
Urinary bladder and urethra. In about 10 per cent of all mice the mucosa
was infiltrated by polymorphonuclear and mononuclear leucocytes with
focal loss of the epithelium, squamous metaplasia (Fig. 11), and the forma-
tion of homogeneous or calcified debris (Fig 12). In males, the urinary
bladder was often considerably distended with urine and reached above the
umbilicus. The urethra of these mice as well as of those showing less
marked distention frequently was dilated and the lumen clogged with debris
(Fig. 12). The transitional epithelium had undergone squamous metaplasia
of varying degree (Fig. 11).
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Prostate. In old mice the dorsal as well as the ventral prostatic acini were
increased in number and size, and small nodules were found. Littre's
glands showed marked hyperplasia and extended far into the surrounding
muscle tissue; slight inflammatory reaction was not uncommon in the area.
The enriched diets had no appreciable effect on the development of the
prostatic changes (Table 5).
Testicles. No noteworthy changes were encountered.
TABLE 5. INCIDENCE OF HYPERPLASIA AND HYPERTROPHY OF THE PROSTATE
Prostatic hyperplasia
No. of prostates Mean age and hypertrophy
Coat color examined months No.
grey 25 17.7 10 40.0
yellow 39 16.3 13 33.3
TABLE 6. INCIDENCE OF ENDOMETRIAL HYPERPLASIA
Hyperplasia of
No. of uteri Mean age endometrium
Coat color examined months No.
grey 46 19.7 36 78.3
yellow 55 18.7 39 70.9
Uterus. The uteri of many females of both coat colors were enlarged,
thickened, and reddened. The endometrium was hyperplastic and hyper-
trophic. The glands were closely packed, often cystically dilated, and lined
by tall secreting columnar epithelium (Figs. 13, 14). The latter showed foci
of squamous metaplasia (Fig. 12). Occasionally there was slight mono-
nuclear cell infiltration. The incidence of these hyperplastic and hyper-
trophic changes increased with advancing age (Table 6), and rose to 100
per cent in mice older than 16 months.
Adenocarcinoma was seen in one grey mouse, 18 months old. Here and
there small myomatous seedlings were present in association with endo-
metrial polyps. Myosarcomas were found in two yellow-coated females, 18
and 20 months old respectively. Almost all uteri showed epidermization of
cervical glands.
Ovaries. In both grey-coated and yellow-coated animals, considerable
amounts of lutein tissue were seen, while follicles were small and limited in
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number. In old mice telangiectases were found in the stroma, and small
cysts lined by cuboidal epithelium.
Mammary glands. In aged females the ducts were dilated and filled with
homogeneous material. The lining epithelium was flattened, and there was
no evidence of growth activity.
Thyroids. The structure of the glands varied. Even in young mice
clusters or nodules or dilated acini lined by flattened epithelium alternated
TABLE 7. INCIDENCE AND DISTRIBUTION OF AMYLOID
Amyloidosis % of tissues examined
Kid-
Coat color Sex Diet Spleen Liver Heart Adrenal neys
Stock 90 88 60 56 56
grey male Fat 0 0 0 0 0
Carbo. 90 62 60 75 38
Stock 88 13 18 20 0
grey female Fat 58 38 53 0 27
Carbo. 88 79 82 40 58
Stock 88 22 16 9 29
yellow male Fat 17 0 0 0 0
Carbo. 88 72 50 67 41
Stock 89 10 20 0 14
yellow female Fat 75 14 27 0 6
Carbo. 90 70 56 30 39
Significance of the dietary effects on amyloidosis:
Grey males Stock diet High-fat diet P < .001;
Yellow males Stock diet High-fat diet P < .05 .
with normal-looking ones. Inactive follicles filled with firm colloid increased
with advancing age. There was no evidence of stimulated activity.
Hypophyses. There was no consistent change in the distribution of the
various cell types. In old animals, the number of chromophobes was
increased; eosinophiles were present in usual numbers; basophiles were
conspicuous, and in some instances they were degranulated.
Amyloidosis. The distribution of the lesions is shown in Table 7. The
deposits varied from scattered foci to diffuse infiltration with obliteration of
the architecture of the tissue affected (Figs. 6-8). The spleen was most
frequently involved, with the liver following in frequency; myocardium,
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adrenals, and kidneys were about equally affected and third in line. In
addition lymph nodes, stomach, uterus, and other organs occasionally
showed amyloid infiltration. Amyloidosis was not seen before the end of
the first year of life, and it increased in incidence and severity with advanc-
TABLE 8. INCIDENCE OF TUMORS AND CYSTS
Grey Grey Yellow Yellow
Type of lesion male female male female
Lipoma in groin 1
Adenoma of lung 4 4
Mastocytoma of stomach
and pancreas 2 4
Adenoma of liver 1 6
Angioma of liver 2 1 2
Myoma of uterus 1
Mesenteric cysts 3 11
Papillary carcinoma
of lung 1
Adenocarcinoma of
uterus 1
Papillary carcinoma of
urinary bladder 1
Squamous cell carcinoma
of parotid 1
Myosarcoma of uterus 2
Sarcoma of bone* 3
* 1 periosteal fibrosarcoma of clavicle
1 osteogenic sarcoma of clavicle
1 osteogenic sarcoma of rib
ing age. There was a strong positive correlation (95 to 100 per cent)
between amyloidosis and pyelonephritis (Table 4); however, the severity of
the kidney disease did not correlate with that of amyloidosis: advanced
pyelonephritis as well as papillary necrosis was sometimes associated with
only slight or minimal amyloid deposition.
In males fed the high-fat diet the incidence of amyloidosis was decreased,
this difference being highly significant (P < .001) in grey-coated males and
significant in yellow-coated males (P < .05). In addition, the lesions were
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less severe in the females after feeding the high-fat diet. This effect was,
however, not consistent and statistically not significant. The high-carbo-
hydrate diet on the other hand tended to increase generalized involvement
and the severity of amyloidosis in animals of all groups, although the
statistical significance varied from 0 to P < .01 (Table 7).
Tumors and cysts. The neoplasms and the cystic lesions are tabulated in
Table 8.
DISCUSSION
In mice of strain YBR/Wi, aortitis, bronchiectasis, pyelonephritis,
hypertrophy of the pancreatic islets, endometrial and prostatic hyperplasia,
and generalized amyloidosis were observed. Squamous metaplasia with
inspissated secretions was seen in the pancreatic ducts, respiratory epitheli-
um, urinary tract, and uterus.
Pulmonary, vascular, renal, pancreatic lesions, and generalized amyloido-
sis occurred in males and females, in animals of either coat color, and
irrespective of the diet consumed. However, the distribution of the lesions
was unequal in the various groups, and there were some variations in the
incidence of certain lesions within certain groups: Animals of both sexes
were equally prone to acquire kidney disease, bronchiectasis and, if fed the
stock diet, amyloidosis. Females were significantly more susceptible to
cardiovascular disease than males. Sex differences were also noted in the
response to different dietary regimens; under the influence of a high-fat
diet females (grey-coated as well as yellow-coated) developed more lung
disease than males, while males showed a more distinct attenuation of
amyloidosis than females. A high-carbohydrate diet on the other hand was
more effective in males than in females in accentuating the hypertrophy of
the pancreatic islets.
Differences associated with coat color were not striking. Yellow-coated
males tended to develop giant pancreatic islets more readily than grey-
coated controls. However, this difference was less conspicuous after con-
sumption of a high-carbohydrate diet which affected grey-coated males more
than yellow-coated controls. Yellow-coated animals developed a larger crop
of tumors, although the total number of neoplasms was not large in either
group.
Many of the findings, such as squamous metaplasia of columnar epitheli-
um invarious locations, support the suggestion based on previously reported
observations in the eyes'9 and on faulty skeletal molding' that mice of this
strain may suffer from a relative vitamin A deficiency.
534
Volume 29, April 1957Visceral lesions in "yellow" mice I SILBERBERG, SILBERBERG
Although mice of different strains are known to vary in their nutritional
requirements,"1' it is not clear why mice of strain YBR/Wi should
develop vitamin A deficiency on rations that are adequate for mice of other
strains. Since the present investigations are of morphological nature and
since only a few physiological studies have been carried out in mice pos-
sessing the Y' gene, any attempted correlation of morphological changes
and pathophysiological conditions will have to be tentative and will have to
await confirmation. Still, the diverse morphological changes observed point
to the presence of an integrated pattern, missing links of which will have to
be furnished by further morphological and by biochemical and biophysical
studies.
In the search for possible causes of a relative vitamin A deficiency it
should be noted that there is in mice of strain YBR/Wi a tendency to
hyperglycemia as evidenced by spot checks of blood sugar levels which we
found to be as high as 300 mg%. This is in agreement with the increased
insulin resistance noted in these mice by other observers. Disturbances in
carbohydrate metabolism on the other hand may be associated with disturb-
ances in the conversion of carotene to vitamin A."17 Such conditions might
account for a relative vitamin A deficiency in mice of strain YBR/Wi.
Carotene conversion is furthermore decreased in hypothyroidism.2'7 The
thyroids of "yellow" mice present a microscopic structure that is con-
sistent with a low level of activity. This in turn may add to a defect in
carotene conversion. Another contributory factor may be operating in
YBR/Wi females which, irrespective of coat color, developed considerable
amounts of lutein tissue in the ovaries. The latter presumably produce large
quantities of lutein which in turn decreases the storage of vitamin A by
the liver.'
Increased susceptibility to infection might be expected in vitamin A
deficiency; one might therefore expect a certain parallelism between infec-
tion and changes directly attributable to this deficiency. Such a combination
was noted in females of both coat colors which showed a more marked
retardation of skeletal molding' and a higher incidence of inflammatory
cardiac lesions than males. Cardiovascular disease is uncommon in mice,
and special conditions may be necessary for the development of such
changes.
No sex differences were present in regard to the kidney lesions. Chronic
pyelonephritis is common in old mice and it is obviously not related to any
vitamin deficiency. Pyelonephritis was often associated with papillary
necrosis. Lesions of the latter type have been observed in mice of strain A,
where they were thought to be secondary to primary renal amyloidosis.' In
mice of strain YBR/Wi, the relationship between pyelonephritis and
$35YALE JOURNAL OF BIOLOGY AND MEDICINE
amyloidosis is apparently not the same as in mice of strain A, since in the
former pyelonephritis was twice to four times more frequent than amyloido-
sis. Furthermore, there was no correlation between the amount of amyloid
deposited and the severity of pyelonephritis. While thus in especially severe
renal amyloidosis amyloid may have contributed to the development of
pyelonephritis, the latter must have additional causes such as urinary
obstruction by the masses of debris found in the urethra.
The numerous deposits of amyloid in the cardiovascular system might
suggest that the amyloidosis is primary in character. However, the general
distribution of the infiltration does not exclude the possibility of secondary
amyloidosis, especially since the spleen and liver were even more promi-
nently involved than the heart; this holds good not only as far as the num-
ber of mice is concerned, but also regarding the amount of amyloid de-
posited. The possibility that one is dealing with secondary amyloidosis is
supported by the beneficial effect of the high-fat diet which was conspicuous
in all groups except grey females and present to some extent also in the
latter. The fat used in the enriched diet was lard which contains a factor
acting like vitamin A.1" In the presence of this vitamin-A-like substance the
course of infections would be attenuated and beneficial effects on secondary
amyloidosis might be expected. However, the nature of amyloidosis is not
adequately understood, and eventually the distinction between primary and
secondary amyloidosis may turn out to be untenable.
The question arises whether or not the pronounced amyloidosis occurring
in this strain of mice is related in some way to the peculiar endocrine make-
up of these animals. Spontaneous amyloidosis occurs in strains of mice in
which there is no apparent evidence of endocrine imbalances. On the other
hand, experimental amyloidosis produced by injections of sodium caseinate
was influenced by sex,1' and markedly increased under the influence of corti-
sone or ACTH, and to some extent also by castration or thyroidectomy.7"
As indicated by the insulin resistance of yellow mice and as will be dis-
cussed subsequently, there are indications of hypophyseal dysfunction in
these animals. Whether or not ACTH is involved in this imbalance is a
moot question, but there is at least no evidence to the contrary. Conceivably
therefore in mice of strain YBR/Wi, an increased tendency to infections
conditioned by disorders in the metabolism of vitamin A is associated with
a hormonal pattern favoring the deposition of amyloid. Thus may be
brought about the high incidence of amyloidosis in these mice.
The endocrine make-up of strain YBR/Wi is unusual, although individ-
ual features of this pattern have been noted in mice of other strains. The
536
Volume 29, April 1957Visceral lesions in "yellow" mice I SILBERBERG, SILBERBERG
structure of the thyroid suggests fluctuation in activity, and systemic evi-
dence of hypothyroidism was indicated by faulty skeletal development" and
low energy requirements in these mice."'' The marked luteinization ob-
served in the ovaries may account for the endometrial hyperplasia. In-
creased luteinization of ovaries was also seen in mice made thyroid deficient
with I131; moreover, cystic uterine dilatation or hyperplasia was seen in
radiothyroidectomized mice carrying transplanted hypophyseal tumors.'
Therefore, the changes occurring spontaneously in thyroid, ovaries, and
endometrium of mice of strain YBR/Wi may not be a mere coincidence
but may be interrelated and parts of a definite endocrine pattern.
The conspicuous hypertrophy of the pancreatic islets, present in mice of
strain YBR/Wi has also been observed in hyperglycemic obese mice
(Obob) in which the basic metabolic disturbance was found in a block of
CO2 fragment oxidation and of the hexokinase reaction.1 It would appear
justified to consider the hypertrophy of the pancreatic islets as secondary to
some other functional or morphological disturbance present in mice of
strain YBR/Wi, such as hypophyseal or hypothalamic dysfunction resulting
in hyperglycemia.
Tumors were rare. Of those occurring with increased frequency the lung
tumors and mastocytomas are probably carry-overs from the strain A
ancestry of this strain."8 Osteogenic sarcomas are known to occur in
"yellow" mice." The fact that five of seven hepatomas were found in
yellow-coated females fed the high-fat diet would appear noteworthy, al-
though the findings are statistically not significant. Moreover, no evidence
of other dietary deficiencies besides that of vitamin A was obtained-there
were no fatty livers in particular-and such neoplasms are seen also in
"yellow" mice fed regular diets." The occurrence of a single adenocarci-
noma of the endometrium indicates that the endometrial hyperplasia which
was so frequent in these mice did not play a major role as a precancerous
condition.
SUMMARY
In obese and nonobese mice of strain YBR/Wi, squamous metaplasia of
the respiratory and urinary epithelium, of the epithelium of the pancreatic
ducts, and the endometrial glands was recorded. These changes in associa-
tion with keratomalacia and retarded skeletal molding indicate a disturb-
ance in the metabolism of vitamin A, probably with involvement of the
thyroid. The frequent occurrence of aortitis and myocarditis is interpreted
as signs of lowered resistance to infection. A high incidence of systemic
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amyloidosis, attenuated by a high-fat diet, was observed. Hyperplasia and
hypertrophy of the islets of Langerhans was seen and was particularly fre-
quent after consumption of a high-carbohydrate diet. Endometrial hyper-
plasia associated with marked luteinization of the ovaries was a common
finding in aged females. The relationship of the visceral lesions to the endo-
crine pattern and the metabolic disturbances observed in mice of strain
YBR/Wi is discussed.
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